ABSTRACT: Fifty-fi ve normal-weaned Angus steers (268 ± 22 kg; 265 ± 16 d of age) were used to evaluate the effects of starch-vs. fi ber-based energy supplements for stocker cattle grazing low-quality dormant native range on growth performance, body composition, and adipose tissue development of different fat depots. Steers were randomly allotted to 4 treatments: 1.02 kg·steer -1 ·d -1 of a 40% CP cottonseed meal-based supplement (CON), corn/soybean meal-based supplement fed at 1% of BW (CORN), soybean hull/soybean meal-based supplement fed at 1% of BW (SBH), or dried distillers grains with solubles fed at 1% of BW (DDGS). All supplements were individually fed 5 d/wk during the 121-d winter grazing phase. After winter grazing, 3 steers per treatment were harvested to determine body composition and carcass characteristics, and collect subcutaneous (SC) and perirenal (PR) adipose tissue samples. The remaining steers grazed cool-season grass pastures for 74 d without supplementation before fi nishing. Steers were fed a common fi nishing diet for 113 d before harvest, at which time carcass characteristics were collected at a commercial abattoir. Energy supplementation increased (P < 0.01) winter grazing ADG compared with CON steers, and CORN steers had greater (P < 0.01) ADG than SBH and DDGS steers. Energy supplementation increased (P < 0.04) mesenteric/omental fat mass but did not infl uence (P > 0.13) 12th rib fat thickness or marbling score at intermediate harvest compared with CON steers. The mRNA expression of genes involved in lipogenesis and markers of adipogenesis were greater (P < 0.05) in PR adipose tissue of energy-supplemented steers compared with CON steers but not in SC adipose tissue. Fiber-supplemented steers had greater (P < 0.01) mRNA expression of fatty acid synthase and fatty acid binding protein 4 compared with CORN steers in PR adipose tissue but not SC adipose tissue. At fi nal harvest, energy-supplemented steers had greater (P < 0.05) KPH and yield grade than CON steers, but no differences (P = 0.75) in marbling score were observed. Neither energy supplementation nor type of energy supplement infl uenced intramuscular fat deposition in stocker cattle grazing dormant native range. These data suggest that the total energy intake and stage of animal maturity during grazing supplementation were not great enough to infl uence marbling deposition.
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INTRODUCTION
Current feeding practices in the beef industry result in production of 2 billion kilograms of excess fat, primarily subcutaneous and visceral fat, annually in an attempt to achieve improved quality grades via increased intramuscular fat deposition (Smith et al., 2000) . Marbling development can be infl uenced early in the life of an animal (Faulkner et al., 1994; Bruns et al., 2004) and pre-feedlot management and nutritional strategies can infl uence marbling development (Anderson and Gleghorn, 2007) .
Intramuscular adipocytes preferentially use glucose as a substrate for fatty acid synthesis, whereas subcutaneous fat uses acetate (Smith and Crouse, 1984) . Starch fermentation in the rumen results in greater propionate and lesser acetate production, and greater glucose supply to the animal compared with fi ber digestion (Church, 1988) , which suggests that high-starch corn supplements may enhance marbling development.
In contrast to corn, dried distillers grains plus solubles and soybean hulls are low-starch energy supplements that are high in digestible fi ber; however, dried distillers grains also provides undegradable intake protein (UIP) and energy from fat compared with soybean hulls. Lake et al. (1974; Exp. 1) and Lomas et al. (2009) reported that increasing starch supplementation to grazing stocker cattle increased marbling score at fi nal harvest compared with a nonsupplemented control. In the Southern Great Plains, cattle are wintered on dormant forage that produces a high acetate:propionate ratio during fermentation (Choat et al., 2003) . Therefore, the hypothesis of this study was that providing a starch-based supplement to cattle grazing dormant native range would increase intramuscular fat deposition in young growing cattle and improve marbling score at fi nal harvest. The objective of this study was to examine the effects of high-starch vs. high-fi ber energy supplements for growing cattle wintered on dormant tallgrass native range on fat deposition among depots, gene expression of adipose tissue, and fi nal carcass characteristics.
MATERIALS AND METHODS
Before initiation of this study, procedures for animal care, handling, and sampling were approved by the Oklahoma State University Institutional Animal Care and Use Committee.
Study Site and Vegetation
Steers grazed 130 ha of dormant tallgrass native range that was deferred from grazing the previous growing season at the Crosstimbers Bluestem Stocker Research Range located 11 km southwest of Stillwater, OK. Pastures were equipped with improved water sources, as well as seasonal streams and ponds. 
Steer Source and Adaptation
Fifty-fi ve normal-weaned Angus steers (261 ± 23 kg BW and 210 ± 16 d of age at arrival) from the Range Cow Research Center-South Range Unit near Stillwater, OK, were used in the study. Steers were weaned 3 October 2007, vaccinated with a pentavalent, modifi ed-live virus, respiratory vaccine (Titanium 5, AgriLabs, St. Joseph, MO) and multivalent clostridial bacterin-toxoid (Clostri Shield 7, Novartis Animal Health Inc., Larchwood, IA), and allowed to graze coolseason grass traps before initiation of the study. Steers were revaccinated on 23 October with Titanium 5 and given Cydectin (Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO). Steers were not implanted before weaning or during the grazing phase of the study. After revaccination, steers were transitioned to the dormant tallgrass pastures and trained to enter individual feeding stalls 2 or 3 d/wk by offering 0.57 kg/steer of a 40% CP supplement (Table 1 ; CON supplement, see below for defi nition).
Initial Harvest
On 4 November, before initiation of the trial, 4 steers (268 ± 25 kg BW and 239 ± 14 d of age) were randomly selected and ultrasound measurements of 12th rib fat thickness, LM area, and intramuscular fat were taken on the left side of the steer, using an Aloka 500V realtime ultrasound machine (Corometrics Medical Systems, Wallingford, CT) equipped with a 17.2-cm, 3.5-MHz linear transducer. Images were taken by a technician who is certifi ed by the Ultrasound Guideline Council and images were interpreted using the software package Beef Image Analysis Pro Plus (Designer Genes Technologies, LLC, Harrison, AR). The steers were then harvested at the Food and Agricultural Products Center for collection of initial carcass characteristics, as described by Hersom et al. (2004a) . Carcass data were collected by trained personnel from Oklahoma State University.
Winter Grazing Phase
On 4 December, the remaining 51 steers (averaging 268 ± 22 kg; 265 ± 16 d of age) were stratifi ed by BW and randomly allotted to 1 of 4 supplementation treatments: 1.02 kg·steer -1 ·d -1 of a 40% CP cottonseed meal-based supplement (CON), corn/soybean mealbased supplement fed at 1% of BW (CORN), soybean hull/soybean meal-based supplement fed at 1% of BW (SBH), or dried distillers grains with solubles fed at 1% of BW (DDGS). The ingredient and nutrient composition of supplements are described in Table 1 . Using the Level 1 Model (NRC, 1996) "winter range" (Feed No. 144 ) and a microbial effi ciency of 10%, calculated degradable intake protein (DIP) balances were 71, 83, 80, and -60 for CON, CORN, SBH, and DDGS, respectively. Supplements were individually fed 5 d/wk during the 121 d of winter grazing. Amount of supplement offered was maintained at 1% BW but adjusting appropriately as the steers grew heavier based on the collection of 12-h shrunk BW. Steers were allowed to graze as a single group and had free-choice access to a trace mineral supplement.
At the end of winter grazing, ultrasound measurements were obtained on all steers as previously described for the initial harvest steers. Three steers per treatment (total of 12) were randomly selected for intermediate harvest as previously described for the initial harvest steers. Immediately after hide removal, gastrointestinal tracts were collected and dissected into each individual anatomical part, emptied of contents, and weighed. Internal organs (heart, lungs, kidney, liver, spleen, and pancreas) and mesenteric/omental fat were also weighed. Empty BW was calculated as fi nal shrunk BW from winter grazing multiplied by 0.891 (NRC, 1996) . Total gastrointestinal tract (GIT) was calculated as the sum of the reticulo-rumen, omasum, abomasum, small intestine, and large intestine. Total viscera was calculated as the sum of the total GIT and mesenteric/omental fat. Total splanchnic tissue was calculated as total viscera plus liver, spleen, and pancreas. Immediately after weighing the liver, a subsample was collected and immediately frozen in liquid nitrogen and stored at -80°C. Samples of subcutaneous (SC) and perirenal (PR; kidney) adipose were also collected, immediately frozen in liquid nitrogen and stored at -80°C.
Summer Grazing Phase
On 11 April 2008, the remaining 39 steers were transported to the Oklahoma State University Wheat Pasture Research Unit near Marshall, OK, for continuous grazing of a 40-ha, cool-season grass pasture for 74 d with only a free-choice trace mineral supplement being offered. The trace mineral supplement contained 1,764 g/metric ton of monensin (Forage Pro RU1600; Hi-Pro Feeds, Friona, TX). The pasture consisted of Lincoln smooth brome (Bromus inermis Leyss.) and manska pubescent wheatgrass (Thinopyrum intermedium barbulatum). Steers grazed cool-season grass to increase BW before placement into the feedlot.
Finishing Phase
On 17 June, 39 steers (375 ± 32 kg) were transported to the Willard Sparks Beef Research Center near Stillwater, OK. Upon arrival, steers were weighed, dewormed with injectable Ivermectin (Ivomec; Merial, Duluth, GA), and implanted with 120 mg of trenbolone acetate and 24 mg of estradiol (Revalor-S; Intervet Inc., Millsboro, DE). Steers within previous winter grazing treatment were randomly allotted into 3 pens per treatment, for a total of 12 pens for the fi nishing phase of the study. There were 2 pens of 4 steers and 1 pen of 3 steers for CON, 2 pens of 3 steers and 1 pen of 2 steers for CORN, and 2 pens of 3 steers and 1 pen of 4 steers for both SBH and DDGS. Each pen was 12.2 × 30.5 m and 2 pens shared an automatic water fountain. Steers were fed a 65% concentrate starter diet and gradually stepped up to a common dry-rolled, corn-based fi nishing diet. Ingredient composition of the fi nishing diet was 73% dry-rolled corn, 15% wet distiller grains with solubles, 6% prairie hay, and 6% supplement (chemical composition of 71.67% DM, 15.57% CP, 16.80% NDF, 7.10% ADF, 1.26 Mcal/kg NEg, and 76.67% TDN). Steers were fed twice daily at 0800 and 1400 h, in amounts that allowed ad libitum access to feed throughout the day. Individual full BW were collected every 28 d before the morning feeding. Steers were fed for a period of 113 d, after which steers were harvested at a commercial abattoir (Creekstone Farms, Arkansas City, KS). Three red-hided steers from CON were removed from the fi nal carcass data analysis due to the abattoir only ac- 
Feed Sample Analysis
Supplements and fi nishing diet samples were collected weekly and composited by month for analysis. Dry matter, CP, ADF, NDF, calculated net energy, and TDN for the supplements and fi nishing diet were all analyzed by a commercial laboratory (Basic Wet Chemistry Package Analysis; Dairy One, Ithaca, NY).
Amount of starch in the supplements was analyzed using the assay adapted from Galyean (2010) . Briefl y, 0.2 g of supplement was placed into a 125-mL Erlenmeyer fl ask and gelatinized in 50 mL of deionized water, using a water bath at 100°C for 90 min. After gelatinization of the sample, 50 mL of an acetate buffer (0.2 M) and 1 mL of the enzyme solution [1:0.8 ratio of deionized water to Validase GA 400L (glucoamylase; Valley Research, South Bend, IN)] were added to each fl ask. The fl asks were reweighed, incubated in a drying oven at 60°C for 24 h, allowed to cool to room temperature, and weighed again. A 0.1-mL aliquot from each fl ask was measured in duplicate and 4 mL of o-Toluidine reagent was added to each sample and placed in a water bath at 100°C for 15 min. The samples were cooled to room temperature and absorption was determined at 630 nm using a spectrophotometer.
Degradable intake protein of the supplements was analyzed using a Streptomyces griseus (Type XIV Bacterial; Sigma-Aldrich, Co., St. Louis, MO) protease assay adapted from Krishnamoorthy et al. (1983) . Briefl y, the equivalent of 15 mg of N from each supplement sample was weighed into 125-mL Erlenmeyer fl asks. Forty milliliters of a borate-phosphate buffer was added to each fl ask and then incubated in a shaker water bath at 39°C for 1 h. After the incubation period, 10 mL of the protease solution was added to each fl ask and then incubated in the shaker water bath at 39°C for 18 h. After the second incubation period, samples were fi ltered through Whatman #541 fi lter paper using a coneshaped funnel. The residue was rinsed with 400 mL of distilled water to remove any incubation media. Samples were then dried at 90°C for 48 h to record a DM residue weight. The sample was then analyzed for N content using the Kjeldahl assay with a 2400 Kjeltec Analyzer Unit Foss Tecator (Hoganas, Sweden). The UIP percentage was calculated by dividing the milligrams of residual N by milligrams of total N from the supplement, and multiplied by 100. The result was then subtracted from 100 to determine DIP as a percent of CP in each sample.
Tissue Sample Analysis
Total RNA was isolated from tissue samples using TRIzol (Invitrogen Corp., Carlsbad, CA), following manufacturer instructions. After isolation of RNA with TRIzol, a second phenol:chloroform:isoamyl alcohol (25:24:1) extraction was used to remove additional fat from the sample and remove any guanidine Isothiocyanate carryover from the TRIzol procedure (Pillai, 2008) . The RNA pellet was resuspended in diethylpyrocarbonate [DEPC]-treated water and stored at -80°C. The integrity of the RNA was determined using gel electrophoresis and quantifi ed using a NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, DE).
Total RNA (1.0 mg) was used to synthesize cDNA, using a reverse transcriptase kit (QuantiTect, Qiagen Inc., Valencia, CA). Primers for quantitative reverse transcription (qRT)-PCR were designed using Primer3 software package ( Rozen and Skaletsky, 2000) and evaluated for specifi city, using the BLAST tool (http://blast.ncbi.nlm. nih.gov/Blast.cgi), and complementarity of each primer pair was evaluated using OligoAnalyzer 3.1 (Integrated DNA Technologies, Coralville, IA). The genes evaluated and primers used for qRT-PCR are listed in Table 2 . For adipose tissue samples, qRT-PCR reactions contained 7.5 μL of PerfeCTa SYBR Green Supermix for iQ (Quanta Biosciences, Gaithersburg, MD), 0.25 μL of 25 μM forward primer (400 nM), and 0.25 μL of 25 μM reverse primer (400 nM), and 100 ng of cDNA were performed using a MyiQ Real Time PCR detection system (Bio-Rad Laboratories, Hercules, CA). Thermal cycling parameters were 95°C for 5 min, followed by 40 cycles of 95°C for 10 s, optimal annealing temperature for 30 s, then 72°C for 30 s. For liver samples, 7.5 μL of RT 2 SYBR Green Supermix for iQ (SABiosciences, Frederick, MD) was used in place of the PerfeCTa supermix in qRT-PCR reactions. Thermal cycling parameters were 95°C for 5 min, followed by 40 cycles of 95°C for 15 s, optimal annealing temperature for 30 s, then 72°C for 60 s. After amplifi cation, a melt curve analysis was performed to verify that all reactions displayed a single (±0.5°C) melt peak temperature, indicating a unique product was amplifi ed. The 18S ribosomal RNA was used as the reference gene for normalization in liver and adipose tissue. The relative quantifi cation of mRNA expression was computed using the 2∆Ct method where threshold cycle (Ct) values of each gene were adjusted for differences in qRT-PCR reaction effi ciency. The relative expression values of the target genes in adipose tissue were then computed as 2^(18s Ct -target Ct) • 105 (Chung and Johnson, 2009 ). The relative expression values of the target genes in liver were computed as 2^(18s Ct -target Ct) • 104. This procedure allowed statistical analysis of linear mRNA expression values, after adjusting for differences in qRT-PCR reaction effi ciency.
Statistical Analysis
All data were analyzed using SAS (SAS Inst. Inc., Cary, NC). Individual steer ADG during winter grazing and fi nishing was computed by linear regression of BW on day of study (PROC GLM). Winter grazing performance, ultrasound carcass measurements, intermediate and fi nal carcass characteristics, and organ mass data were analyzed using a general linear model (PROC MIXED), with steer as the experimental unit. Finishing performance data were analyzed using the same model, with pen as the experimental unit. The models included treatment as a fi xed effect. The average initial BW for winter grazing was used as a covariate when analyzing winter grazing performance and was removed from the model if not signifi cant at P < 0.05. Final carcass characteristics are reported as unadjusted and 12th rib fat adjusted by covariate analysis. Quality grade distribution was analyzed with PROC GLIMMIX, using a binomial distribution. Relative mRNA expression values were analyzed, using a general linear model (PROC GLM) that included fi xed effects of treatment, adipose tissue, and the interaction term for genes evaluated in adipose tissue, and the fi xed effect of treatment for genes evaluated in liver. Contrast statements were used to test differences among preplanned treatment comparisons. Contrast 1 (C1) compared CON with the average of the 3 energy supplement treatments. Contrast 2 (C2) compared CORN supplement (high starch) with the average of the 2 high fi ber-based supplements (SBH and DDGS). Contrast 3 (C3) compared the 2 fi ber-based supplements (SBH vs. DDGS). Contrasts were evaluated using an α of 0.05 only when F-test was signifi cant at P < 0.05.
RESULTS AND DISCUSSION

Winter Grazing Phase
Performance. Supplement consumption was 0.36%, 0.91%, 0.92%, and 0.81% of mean BW for CON, CORN, SBH, and DDGS, respectively (Table 3) . Average daily gain was greater (P < 0.01) for the energy-supplemented steers compared with CON steers, and ADG of CORN steers was greater (P < 0.03) than the SBH and DDGS steers. Previous studies (Anderson et al., 1988; Morris et al., 2005; Gustad et al., 2006) reported that energy plus protein supplementation to cattle consuming lowquality forage improves ADG compared with protein alone, which would be expected. Additionally, several studies indicated that energy supplementation improved ADG of steers grazing medium- (Anderson et al., 1988; Greenquist et al., 2009; Lomas et al., 2009) and highquality (Horn et al., 1995) forage, compared with nonsupplemented controls. .40 1 GLUT4 = glucose transporter 4; G6PDH = glucose-6-phosphate dehydrogenase; GPI = glucose-6-phosphate isomerase; GPDH = glycerol-3-phosphate dehydrogenase; FASN = fatty acid synthase; PK2 = pyruvate kinase 2, muscle; ACLYS = ATP citrate lyase; ACSS2 = acyl-CoA short-chain synthetase 2 (cytosolic acetyl-CoA synthetase); FABP4 = adipocyte fatty acid binding protein 4; SCD1 = stearoyl-CoA desaturase 1 (∆9-desaturase); SREBF1 = sterol regulatory element binding factor 1; CEBPβ = CAATT/enhancer binding protein beta; PCK1 = phosphoenolpyruvate carboxykinase 1; PC = pyruvate carboxylase; ACSS3 = acyl-CoA short chain synthetase 3 (propionyl-CoA synthetase); G6Pase = glucose-6-phosphatase.
Few studies have evaluated type of energy supplement for growing steers consuming low-quality forage. Anderson et al. (1988) reported no difference in ADG of heifers grazing fall crop residue (cornstalks) when supplemented with either rolled corn or soyhulls at 0.7% of initial BW; a protein supplement was also provided to both treatments. Bodine et al. (2001) reported no difference in ADG between soyhull/wheat middlings-and sorghum grain-based energy supplements fed to heifers grazing late-summer bermudagrass (10 to 15% CP) at 0.75% of mean BW; no protein source was added to the energy supplements. Horn et al. (1995) reported that a soyhull/wheat middling-based energy supplement improved ADG of steers grazing winter wheat pasture (typically >20% CP) compared with a corn-based supplement in 2 of 3 experiments (fed at 0.4 to 0.7% of mean BW). In the current study, the greater (P = 0.03) gain response of CORN compared with SBH and DDGS may be due to the greater feeding rate (1% BW) compared with previous studies, which resulted in greater energy intake of CORN steers.
Initial Carcass Characteristics. Initial ultrasound measurements and carcass characteristics are presented in Table 4 as a reference for initial body composition of the steers used in this study. The mean (SD) LM area from ultrasound and carcass measurements were 39.35 (2.93) and 39.83 (3.88) cm 2 , indicating that ultrasound and carcass measurement gave reasonably similar results. However, the ultrasound estimate of 12th rib fat thickness appears considerably greater than the carcass measurement [0.33 (0.10) vs. 0.03 (0.04) cm, respectively]. The reason for this discrepancy is not known. At initial harvest, steers were practically devoid of marbling, and in general, carcass measurements indicate that steers had not begun to deposit appreciable amounts of fat.
Intermediate Carcass Characteristics. At intermediate harvest, neither HCW nor 12th rib fat thickness from ultrasound or carcass measurements were affected (P > 0.10) by energy supplementation (Table 5) , even though energy-supplemented steers had greater ADG during winter grazing. Energy-supplemented steers did have greater (P < 0.05) LM area, based on ultrasound and carcass measurements compared with the CON steers. There were no differences (P > 0.10) in ultrasound or carcass measurements of LM area between starch-and fi ber-based energy supplements. When comparing the 2 fi ber-based supplements, DDGS steers had smaller (P < 0.05) LM area, based on carcass measurements and greater (P < 0.05) yield grade compared with SBH steers. Neither marbling score nor intramuscular fat percentage was infl uenced by type of supplement after winter grazing.
No previous studies have evaluated the effects of energy supplementation or type of energy supplement on intramuscular fat development in weaned calves grazing low-quality forage. In addition, only a few studies have determined differences in carcass characteristics at the end of the backgrounding or grazing phase in cattle fed different diets. Coleman et al. (1995) and Sainz et al. (1995) reported that steers limit fed a corn grain-based diet for similar rate of gain to those fed a corn silage-or alfalfa hay-based diet had increased quality grades and marbling scores after the growing phase. McCurdy et al. (2010a) reported no difference at the end of the growing phase between steers limit fed a corn grain or sorghum silage diet. In each study, 12th rib fat thickness was also greater for the grain-fed steers.
Considerable research has been conducted evaluating starch concentration in the diet for early-weaned steers; however, results are inconsistent. Schoonmaker et al. (2003; Exp. 1) reported that early-weaned steers fed a high-concentrate diet ad libitum had greater ultrasound measurements of intramuscular fat percentage at normal weaning than those limit fed a high-concentrate diet or ad libitum fed a soyhull/brome hay diet. Retallick et al. (2010) reported a linear increase in ultrasound measurements of intramuscular fat percentage at the end of a 111-d growing phase, as starch content of the diet in- 3 Initial BW was a signifi cant covariate (P < 0.05).
4 Supplement conversion is kilograms of supplement (as-fed) per kg of increased BW gain.
creased from no high-moisture corn up to a concentration of 20% and 40% high-moisture corn within the growing diet. In contrast, Schoonmaker et al. (2003; Exp. 2) and Schoonmaker et al. (2004) reported no improvement in ultrasound measurements of intramuscular fat percentage of early-weaned steers fed a high-concentrate diet ad libitum compared with those limit fed a high concentrate diet or fed a high-roughage diet ad libitum. Moreover, Bedwell et al. (2008) reported no difference in intramuscular fat percentage measured via ultrasound in early-weaned heifers fed diets with increasing amounts of starch, where the calculated concentration of starch was 12%, 41%, and 63% of the growing diet. Rates of BW gain were similar among dietary treatments. However, heifers maintained on pasture during the growing phase had less intramuscular fat percentage compared with those fed concentrate diets in a drylot. The pasture heifers also had reduced ADG (0.30 vs. 1.48 kg/d) compared with those fed in a drylot (Bedwell et al., 2008 ). In the current study, energysupplemented steers had ADG of 0.43 kg/d compared with 0.20 kg/d for CON steers. Thus, the improvement in ADG may have not been enough to stimulate an increase in intramuscular fat deposition.
Organ Mass. Control steers had greater (P < 0.04) omasum as a proportion of EBW and tended (P < 0.10) to have smaller proportion of small intestine (g/kg EBW) than energy-supplemented steers (Table 6 ). Starchsupplemented steers tended (P < 0.10) to have smaller proportion of abomasum and liver (g/kg EBW) compared with SBH and DDGS steers. Steers supplemented with DDGS had smaller proportion of esophagus (g/kg EBW) than SBH steers; the reason for this is not known, but could be because DDGS was fed in meal form and SBH were pelleted. Reynolds et al. (1991) and McLeod and Baldwin (2000) reported that oxygen consumption and mass of the portal drained viscera, particularly the forestomach, increases signifi cantly when ruminants are fed high roughage diets. Hersom et al. (2004b) observed that steers grazing low-quality dormant forage had greater reticulo-rumen, omasum, and total gastrointestinal tract mass than steers grazing wheat pasture, indicating that the bulk density and ruminal digestibility of forage affects mass of these organs. McLeod and Baldwin (2000) reported that mass of the small intestine responds to total 2 CON = cottonseed meal supplement; CORN = corn supplement; SBH = soybean hull supplement; DDGS = dried distillers grains with solubles supplement.
3 C1 = CON vs. supplement treatments; C2 = CORN vs. SBH and DDGS; C3 = SBH vs. DDGS. 4 Marbling score grid: 100 = practically devoid00; 200 = traces00. ME intake, primarily through changes in mass of epithelial tissue. In the current study, energy supplementation most likely replaced forage in the diet (Bodine and Purvis, 2003) and increased ME intake, resulting in lesser proportional weight of the omasum and greater proportional weight of the small intestine. Mass of the liver is primarily a result of metabolic load. Reynolds et al. (1991) and McLeod and Baldwin (2000) indicated that liver mass increases with increasing ME intake. McCurdy et al. (2010b) reported that liver mass of steers grazing wheat pasture was 20% greater than those fed a silage-or cornbased diet, even though ME intake was similar among treatment groups. The researchers contributed this to the greater CP content in the diet of wheat pasture steers and increased metabolic load on the liver to metabolize the increased ammonia. In the current study, the trend for greater liver mass of SBH and DDGS compared with CORN may be due to increased gluconeogenesis to supply glucose for NADPH generation and glycerol synthesis due to increased fat synthesis from acetate.
Energy-supplemented steers had greater (P < 0.05) proportion of mesenteric/omental fat (g/kg EBW) compared with CON steers, but as mentioned previously, no improvement in marbling score or 12th rib fat thickness was evident at intermediate harvest. The lack of differences in subcutaneous and intramuscular fat deposition may be due to the low rate of gain of steers grazing dormant native range. The chronological order of fat depot maturation is thought to be visceral > intermuscular > subcutaneous > intramuscular (Andrews, 1958) . Thus, as energy intake and rate of gain increase, visceral fat depots would deposit fat before subcutaneous and intramuscular fat depots. Owens et al. (1995) indicated that empty body fat accretion increases linearly as rate of gain increases, but this analysis only evaluated rates of gain of 0.8 kg/d and greater. Hersom et al. (2004a; 2004b) reported that increasing rate of BW gain (0.16, 0.61, and 1.20 kg/d) resulted in a linear increase in mesenteric fat and marbling score, but 12th rib fat thickness increased quadratically, such that fat thickness did not appreciably increase, except at the greatest rate of BW gain. Therefore, the lack of any increase in subcutaneous or intramuscular fat deposition between energy-supplemented and CON steers may be due to the low energy intakes and ADG in the current study.
Gene Expression. The mRNA expression of glucose transporter 4 (GLUT4) and glucose-6-phosphate dehydrogenase was 1.97-and 1.80-fold greater (P < 0.05) for CON vs. energy-supplemented steers in PR adipose tissue, but not affected in SC adipose tissue, indicating that 2 CON = cottonseed meal supplement; CORN = corn supplement; SBH = soybean hull supplement; DDGS = dried distillers grains with solubles supplement.
3 C1 = CON vs. supplement treatments; C2 = CORN vs. SBH and DDGS; C3 = SBH vs. DDGS. 4 Empty BW was calculated as shrunk BW multiplied by 0.891. 5 Total GIT (gastrointestinal tract) was calculated as the sum of reticulo-rumen, omasum, abomasum, small intestine, and large intestine. 6 Total viscera was calculated as total GIT plus the mesenteric/omental fat. 7 Total splanchnic tissue was calculated as total viscera plus liver, spleen, and pancreas.
treatments infl uenced expression differently in each adipose tissue (Table 7 ). In addition, GLUT4 mRNA expression was greater (P < 0.05) in PR adipose tissue of SBH steers compared with DDGS steers. However, mRNA expression of glucose-6-phosphate isomerase, pyruvate kinase 2, or ATP-citrate lyase were not affected (P > 0.10) by treatment in either adipose tissue. These results indicate that energy supplementation increased glucose uptake and pentose cycle activity but not glucose use for fatty acid synthesis via glycolysis. The mRNA expression of acetyl-CoA synthetase, glycerol-3-phosphate dehydrogenase (GPDH), and fatty acid synthase (FASN) was 9.28-, 2.95-, and 8.85-fold greater (P < 0.05) for energy-supplemented steers compared with CON steers in PR adipose tissue but not in SC adipose tissue. In addition, FASN mRNA expression was 2.18-fold greater (P < 0.05) in fi ber-based supplements compared with the starch-based CORN supplement, and 4.60-fold greater (P < 0.05) in SBH steers compared with DDGS steers in PR adipose tissue. However, no differences (P > 0.10) among treatments were observed in SC adipose tissue. These results indicate that energy supplementation with CORN or SBH increased lipid synthesis from acetate, but DDGS supplementation increased lipid synthesis from dietary fat more than from acetate.
Few studies have evaluated expression of lipogenic genes in adipose tissue of growing steers; however, several studies have evaluated lipogenic enzyme activity (Scott and Prior, 1980; Smith and Crouse, 1984; . Smith and Crouse (1984) reported that enzyme activity of fatty acid synthase and citrate lyase were greater in subcutaneous adipose tissue of steers fed a corn-based diet compared with a corn silage-based diet, but glucose-6-phosphate dehydrogenase was not affected. reported that activity of fatty acid synthase and citrate lyase was greater in subcutaneous adipose tissue of steers fed a corn-based diet compared with alfalfa hay-based diet, but pyruvate kinase was not affected. These results are similar to the current study in that greater energy intake increased lipogenic enzyme activity, but citrate lyase was not affected in our study. Scott and Prior (1980) reported that increasing energy intake resulted in greater activity of glucose-6-phosphate dehydrogenase and fatty acid synthase in subcutaneous and perirenal adipose tissue, whereas in the current study greater energy intake only increased gene expression in perirenal adipose tissue. However, steers in the study by Scott and Prior (1980) were gaining >1.0 kg/d and had 12th rib fat thicknesses >1.0 cm at the time of tissue sampling.
The mRNA expression of late markers of adipogenesis, adipocyte fatty acid binding protein 4 (FABP4), and stearoyl-CoA desaturase 1 (SCD1) were 2.64-and 19.15-fold greater (P < 0.05) in energy-supplemented steers compared with CON steers in PR adipose tissue but not SC adipose tissue. Conversely, mRNA expression of the early markers of adipogenesis, sterol regulatory element binding factor 1 (SREBF1), and C/EBPβ Table 7 . Effects of starch-vs. fi ber-based supplements on relative mRNA expression (2 ∆Ct × 10 5 ) of genes involved in lipogenesis and markers of adipocyte differentiation in subcutaneous (SC) and perirenal (PR) were not altered in either adipose tissue. In addition, mRNA expression of FABP4 and SCD1 were greater (P < 0.05) for fi ber-compared with starch-based supplements, and SBH steers compared with DDGS steers in PR adipose tissue, but no differences among treatments were observed in SC adipose tissue. These differences are primarily due to a dramatic increase in mRNA expression in PR adipose tissue of SBH steers, but the reason for this is not apparent. Robelin (1981) reported that a new population of adipocytes was identifi ed when the mean cell diameter reached 80 to 90 μm between 35% and 45% of mature weight, which occurred after a period of primarily lipid fi lling. Perirenal adipose tissue of SBH steers had the greatest expression of lipogenic genes of all the treatments, indicating the greatest rate of lipid synthesis. A positive relationship between adipocyte diameter and rate of lipogenesis from acetate has been reported in subcutaneous adipose tissue of wethers (Hood and Thornton, 1980) . Thus, the greater mRNA expression of lipogenic genes may indicate that adipocytes in PR adipose tissue of SBH steers reached a critical size to initiate differentiation of new adipocytes, whereas perirenal adipocytes in other treatments had not yet reached that point. However, the expression patterns of FABP4 and SCD1 are very similar to the expression pattern of FASN, suggesting that changes in expression of these genes may be due to increased fatty acid synthesis rather than increased adipogenesis. The lack of changes in SREBF1 and C/EBPβ support this hypothesis.
Perirenal adipose tissue had greater (P < 0.05) mRNA expression of genes involved in lipid synthesis (19.7-, 15.6-, and 9.1-fold for ACSS2, GPDH, and FASN, respectively) and adipogenesis (8.3-, 4.4-, 4.8-, and 10.8-fold for FABP4, SCD1, SREBF1, and C/EBPβ, respectively), compared with subcutaneous adipose tissue (data not shown). Scott and Prior (1980) reported no difference in lipogenic enzyme activity between subcutaneous and perirenal adipose tissue; however, steers were gaining >1.0 kg/d compared with 0.2 to 0.5 kg/d in our study. Ortiz-Colon et al. (2009) reported that stromal vascular cells collected from perirenal adipose tissue of steers had greater adipogenic capacity than those collected from subcutaneous adipose tissue. As discussed previously, this may be due to the lesser amount of energy intake of steers in this study; however, it indicates that adipose tissue development through adipogenesis and/or lipogenesis is energy dependent and suggests that a minimum amount of energy intake is required to initiate development of each fat depot.
There was no difference (P > 0.10) in mRNA expression of genes involved in gluconeogenesis in the liver of steers (Table 8 ). It was expected that energysupplemented steers would have greater mRNA expression than CON steers and CORN steers would have greater mRNA expression compared with SBH and DDGS steers due to increased gluconeogenic substrates. No studies have previously evaluated gluconeogenic gene expression in liver of growing beef steers. In dairy cattle, mRNA expression of phosphoenolpyruvate carboxykinase 1 is responsive to monensin inclusion in the diet (Karcher et al., 2007) and propionate in hepatic cell culture (Koser et al., 2008 ). An explanation for the lack of a response in the current study is not apparent.
Finishing Phase
Performance. Energy supplementation or type of energy supplement during the winter grazing phase did not affect (P > 0.10) fi nal BW, ADG, DMI, or G:F during the fi nishing phase (Table 9) . Even though the energy-supplemented steers had heavier BW (P < 0.02) at the start of fi nishing, this BW advantage was not carried through the fi nishing phase, which suggests that CON steers exhibited compensatory BW gain during the fi nishing phase. Several studies have evaluated the effect of supplementation strategies during the grazing phase on subsequent feedlot performance. Lake et al. (1974) reported no difference in ADG during fi nishing among steers that had been supplemented 0 to 2.72 kg/d of a 2 PCK1 = phosphoenolpyruvate carboxykinase 1; PC = pyruvate carboxylase; ACSS3 = acyl-CoA short chain synthetase 3 (propionyl-CoA synthetase); G6Pase = glucose-6-phosphatase.
3 CON = cottonseed meal supplement; CORN = corn supplement; SBH = soybean hull supplement; DDGS = dried distillers grains with solubles supplement.
corn supplement during grazing of irrigated, cool-season pasture during the stocker phase. Horn et al. (1995) reported that steers supplemented with an energy supplement during grazing of winter wheat pasture had lower ADG during fi nishing in 1 experiment but not in another.
Feed intake and feed effi ciency were not infl uenced by type of energy supplement fed during winter grazing (P > 0.12). Gunter and Phillips (2001) and Lomas et al. (2009) reported no differences in feedlot performance among steers previously fed a corn supplement during grazing of summer bermudagrass pasture or supplemented with sorghum grain during grazing of smooth bromegrass pasture, respectively. Final Carcass Characteristics. There were no differences among treatments for HCW, dressing percentage, 12th rib fat thickness, or LM area at fi nal harvest (P > 0.14; Table 10 ). The energy-supplemented steers had a greater (P < 0.02) KPH compared with the CON steers, which resulted in a greater yield grade (P < 0.05) for the energy-supplemented steers. Even when adjusted to similar 12th rib fat thickness, energy-supplemented steers had greater (P < 0.05) KPH and yield grades. Final marbling scores were not affected by winter supplementation treatment (P > 0.75). In addition, 12th rib fat-adjusted marbling scores were similar among treatments, probably because 12th rib score is not linked with 12th rib fat deposition, but treatments imposed in this study were not able to improve marbling score when steers were harvested at similar 12th rib fat thickness endpoint.
In the current study, consumption of energy supplements by steers grazing dormant native range averaged 0.91%, 0.92%, and 0.81% of mean BW for CORN, SBH, and DDGS treatments, respectively. Type of energy supplement did not infl uence (P > 0.23) fi nal marbling scores. Elizalde et al. (1998) also reported no improvements in fi nal quality grade when steers were supplemented with cracked corn or corn gluten feed at 0.50% or 1.00% of mean grazing BW during grazing of endophyte-infected tall fescue for 85 d. In contrast, Faulkner et al. (1994) reported that creep feeding a corn-based supplement at 0.93% of mean grazing BW for 113 d-to 5-mo-old steers increased fi nal marbling scores compared with creep feeding a soyhull-based supplement at 0.79% of mean feeding BW. Both of these creep-feeding supplements improved fi nal marbling scores compared with the nonsupplemented steers. Moreover, Lomas et al. (2009) conducted 3 experiments using 7-mo-old steers grazing smooth bromegrass for at least 188 d that were supplemented with 2 amounts of grain sorghum (0.26% and 0.53% of mean grazing BW) and reported that the greatest amount of supplement improved fi nal marbling scores compared with the nonsupplemented steers. Research evaluating type and amount of supplement provided to grazing cattle to infl uence fi nal marbling scores is inconsistent, suggesting that there are factors affecting marbling development other than amount of energy intake during grazing.
Several studies have evaluated starch content of the growing diet or different supplementation strategies during grazing on growing cattle on fi nal carcass characteristics; however, results have been inconsistent. Lake et al. (1974) reported steers grazing irrigated, coolseason grass pastures and supplemented with a 0.91 or 1.82 kg/d of dry-rolled corn had increased fi nal quality grades in their fi rst experiment, but corn supplementation of 0.91 to 2.72 kg/d had no effect on fi nal quality grade in their second experiment. Similarly, Gunter and Phillips (2001) reported that 0.45 kg/d of ground corn supplemented to steers grazing bermudagrass had no effect on fi nal marbling score. In addition, Horn et al. (1995) observed that supplementing steers grazing winter wheat pasture with high-starch or high-fi ber supplements did not infl uence fi nal marbling score. Bumpus (2006) reported no difference in fi nal marbling score between steers fed a corn-or soyhull-based supplement (1.36 kg·steer -1 ·d -1 ) during grazing of irrigated ryegrass pasture; however, an interesting trend (P = 0.27) was seen in quality grade distribution. The percentage of steers grading USDA Choice was 39%, 50%, and 65% (7, 10, and 13 steers, respectively) for nonsupplemented, fi ber-based, and starch-based supplements, respectively. These data indicate that as energy intake and glucose supply during the stocker phase increased, percentage of steers grading USDA Choice increased. In the current study, no differences in quality grade distribution (P > 0.16) were observed, likely due to the small number of steers per treatment. Similar to Bumpus (2006) , Lomas et al. (2009) reported that marbling score (527, 537, and 554) increased linearly as grain sorghum supplementation (0, 0.82, and 1.64 kg · steer -1 ·d -1 ) increased, indicating an effect of increasing glucose supply. However, this effect may simply be due to increased energy intake and rate of BW gain because a low-starch energy supplement treatment was not used as a comparison. Several studies Sainz et al., 1995; McCurdy et al., 2010a) have evaluated the effects of starch content in the diet and energy intake of the same diet for steers during the growing phase. These studies have consistently reported no difference in fi nal marbling score or quality grade among steers, with regard to starch content or energy intake. Moreover, Hersom et al. (2004a) reported no difference in fi nal marbling score between steers previously grazing dormant native range or winter wheat pasture, with BW gain rates of 0.16 and 1.20 kg/d, respectively.
The effects of grain content of growing diets and grain supplementation to grazing cattle on intramuscular fat development have received considerable attention; however, results are variable. The variation in results may be due to the level of energy intake or stage of maturity of animals during the stocker phase. Lake et al. (1974;  Exp. 1), Greenquist et al. (2009), and Lomas et al. (2009) reported that energy supplementation increased ADG from 0.60 to 0.83, 0.67 to 0.92, and 0.74 to 0.88 kg/d, respectively, and improved fi nal quality grade. However, increasing ADG from 0.20 to 0.54 kg/d in the current study did not infl uence fi nal marbling score. In addition, Horn et al. (1995 ), Griffi n et al. (2010 , and Islas et al. (2010) reported that fi nal marbling score was not infl uenced when supplementation increased ADG during grazing from 0.88 to 1.07, 0.89 to 1.18, and 1.09 to 1.25 kg/d, respectively. These results suggest that energy supplementation may infl uence intramuscular fat development only when supplementation increases rate of gain above a certain threshold, which may be between 0.8 and 0.9 kg/d. Thus, if ADG of supplemented steers remains below this level, as in the current study, or if ADG of nonsupplemented steers is already greater than this level, as in Horn et al. (1995) , then energy supplementation has no infl uence on intramuscular fat development and fi nal marbling score. However, this theory does not fi t with the results of Sainz et al. (1995) and 2 CON = cottonseed meal supplement; CORN = corn supplement; SBH = soybean hull supplement; DDGS = dried distillers grains with solubles supplement.
3 C1 = CON vs. supplement treatments; C2 = CORN vs. SBH and DDGS; C3 = SBH vs. DDGS. 4 Marbling score grid: 300 = slight00; 400 = small00. 5 12th rib fat thickness was a signifi cant covariate at P < 0.05. Hersom et al. (2004a) , who reported no difference in final marbling score, even though ADG ranged from 0.69 to 1.96 kg/d and 0.15 to 1.31 kg/d, respectively. Carter et al. (2002) reported that intramuscular fat deposition begins to accelerate at ~378 kg of live BW, regardless of growth rate during the stocker phase and BW at feedlot entry, which corresponds to 64% of mature BW for steers used in the study. By evaluating published studies relative to fi nal BW during the stocker phase, it appears that providing an energy supplement during grazing to an older (more mature) animal may result in greater fi nal marbling scores but not when steers are younger (less mature). Greenquist et al. (2009) and Lomas et al. (2009) reported that energy-supplemented steers with a fi nal grazing BW of 477 and 417 kg had greater fi nal marbling scores than nonsupplemented steers with a fi nal grazing BW of 437 and 386 kg, respectively. In contrast, Elizalde et al. (1998) , Gunter and Phillips (2001) , and Griffi n et al. (2010) observed no difference in fi nal marbling scores when fi nal grazing BW of supplemented and nonsupplemented steers was 308 vs. 302 kg, 336 vs. 303 kg, and 386 vs. 360 kg, respectively. Moreover, Coleman et al. (1995) , Sainz et al. (1995), and McCurdy et al. (2010a) observed no infl uence of grain content in growing diets when fi nal growing BW for all treatments was <380 kg. However, this theory is not in agreement with Bruns et al. (2004) , who reported that marbling scores increased linearly with HCW. However, in the study of Bruns et al. (2004) , the initial harvest group weighed 365 kg and possibly prevented detection of an infl ection point.
In conclusion, the amount and/or type of supplement did not infl uence fi nal marbling score in steers wintered on dormant native range, even though energy supplementation increased ADG during winter grazing. Energy-supplemented steers had greater KPH% at fi nal harvest, most likely due to the increased expression of lipogenic and adipogenic genes in perirenal adipose tissue at intermediate harvest, which resulted in greater mesenteric/omental fat in these steers. It was expected that providing glucogenic substrates to the high-acetate fermentation of steers grazing dormant native range would increase intramuscular fat deposition relative to other fat depots. However, total energy intake in this production system and the stage of animal maturity may have been inadequate to infl uence intramuscular fat deposition. Therefore, it may not be economical or practical to provide an energy supplement in the amount required to infl uence marbling deposition in this production system. In addition, it may not be benefi cial to provide a starch-based supplement to increase intramuscular fat development in feeder cattle unless an adequate degree of maturity has been achieved.
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